With the technological advances and the rise in the role of a full fetal anatomic scan at the time of nuchal translucency (NT) assessment, 1,2 there has been an increase in emerging data on various screening markers, particularly those for the early detection of congenital heart defects (CHDs): NT, tricuspid regurgitation, ductus venosus flow, and most recently the cardiac axis. 
With the technological advances and the rise in the role of a full fetal anatomic scan at the time of nuchal translucency (NT) assessment, 1,2 there has been an increase in emerging data on various screening markers, particularly those for the early detection of congenital heart defects (CHDs): NT, tricuspid regurgitation, ductus venosus flow, and most recently the cardiac axis. [3] [4] [5] [6] [7] [8] [9] Recent studies suggest that the brain sparing effect, first described in CHD by Donofrio et al, 10 may be evident as early as the first trimester in fetuses with CHD. We have previously shown that fetuses with CHD, particularly those with hypoplastic left heart syndrome, may manifest a decrease in head volume as early as the first trimester. 11 This may potentially imply impaired neurodevelopment. The earliest studies on the fetal cerebral circulation, by Wladimiroff et al in 1986, provided evidence in support of the presence of the brain sparing effect in case of fetal hypoxemia. 12 Since then, several studies have evaluated the fetal circulation, as early as 10 weeks: in the 1990s, Wladimiroff et al evaluated fetal arterial flow velocities 13, 14 and fetal heart rate and flow velocity variability; 15 
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The cerebroplacental ratio (CPR) is the ratio of the pulsatility index (PI) of the MCA to the PI of the umbilical artery (UA). It was first described by Gramellini et al in 1992 as a more sensitive predictor of adverse perinatal outcome, at 30 to 41 weeks, with an accuracy of 90% when compared with either the MCA (78.8%) or UA (83.3%). 19 The CPR reflects acute changes in partial pressure of oxygen. 20 In 2003, Baschat and Gembruch reevaluated the CPR in normal fetuses between 20 and 40 weeks of gestation and constructed the reference ranges. 20 To date, we are not aware of the availability of reference values for the CPR in the first trimester. As such, this study was designed to assess the feasibility of visualizing the MCA, establishing the normogram for MCA PI and PSV, and developing CPR normograms at 12 to 14 weeks of gestation in an unselected pregnancy population.
Study Design
This was a prospective cross-sectional study, approved by the Institutional Review Board, on 200 gravidas with spontaneous conception of singleton gestations, presenting for NT assessment between 12w0d and 13w6d at two centers in Lebanon and with an NT < 95th centile for gestational age. All patients were properly dated by an early scan. Maternal body mass index (BMI), fetal crown-rump length (CRL), biparietal diameter (BPD), and NT were measured. At our centers, a full anatomic scan is performed at the time of NT assessment. Fetuses with any structural abnormalities, in utero fetal demise, and those without a confirmed outcome of a healthy neonate were excluded from the analysis. All exams were performed transabdominally by two experienced sonologists using 4 to 8 MHz convex high-resolution probes with twodimensional and three-dimensional capabilities (GE Voluson E8 ultrasound systems, Kretz, Zimpf, Austria). For the identification of the MCA, the plane of BPD, caudal to the thalamus, was obtained and first trimester cardiac presents, using color Doppler with high-definition flow, were utilized (►Fig. 1).
Subsequently, the MCA PI and PSV were measured at the proximal one-third of the MCA with an angle of insonation of < 10°. The UA was identified, using the same presets and color Doppler with high-definition flow, and the PI was measured in a free loop of cord. We employed the As Low As Reasonably The UA was successfully measured and CPR calculated in 133/186 (71.5%) of cases. The normogram for the CPR in our population was established according to the gestational age as well as CRL categories (►Table 4), and the reference range of the CPR according to CRL (►Fig. 6) and BPD (►Fig. 7) was determined. There was no significant effect of BMI, CRL, or BPD on successful assessment of the CPR (►Table 5). . This may be attributed to the high UA PI in early gestation and the typical absence of end-diastolic flow prior to 13 weeks. 16 By a gestational age of 13 weeks, the 50th centile for the CPR approaches 1 (►Table 4). As such, the examiner should be mindful to the fact that the CPR tends to be less than 1 in normal fetuses prior to 13 weeks. The strength of our study is that it is prospective in nature and we have a large cohort of patients: 186 patients at 12 to 14 weeks with a confirmed outcome of a normal neonate in comparison to prior studies involving first trimester fetuses. The two previous studies in a Thai population included 410 and 149 patients, respectively; however, they were spread out between 11 and 22 weeks. Abbreviations: CPR, cerebroplacental ratio; CRL, crown-rump length; GA, gestational age. In addition, our data are further validated by the fact that with our larger numbers, the results in our unselected Lebanese population are comparable to what has already been established with respect to both the MCA PI and PSV in a Thai population. It is noteworthy that both studies from Thailand, as ours, were cross-sectional studies.
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Our study has several limitations. Given Doppler indexes at the proximal one-third of the MCA are less likely to be affected by fetal behavioral status as described by Clerici et al in 2002, 24 we chose to measure the MCA Doppler indexes at the proximal one-third of the MCA, an area where they may be lower than at the middle and distal third. 25 Furthermore, we did not evaluate maternal uterine artery Doppler indexes and their potential effect on fetal perfusion and the CPR.
In conclusion, MCA evaluation is feasible at the time of NT assessment. To our knowledge, our study is the first to provide a reference range for first trimester CPR at 12 to 14 weeks. Having established normograms for MCA Doppler indexes and CPR at 12 to 14 weeks may prove helpful, when indicated, in the early assessment of at-risk fetuses identified by abnormal uterine artery Doppler studies, maternal risk factors, those at risk for anemia, growth restriction, and impending demise, among others. Larger prospective studies are needed to examine the potential role of the MCA Doppler indexes and CPR as first trimester modalities in the evaluation of fetuses at risk for adverse neonatal outcome.
Note
This article has been presented as two oral abstract presentations at the AIUM Annual Convention in Orlando, Florida, in March 2017.
